ELECTROLUMINESCENT PHOSPHOR, ITS MANUFACTURING METHOD, AND 

ELECTROLUMINESCENT ELEMENT 



TECHNICAL FIELD 

5 [0001] The present invention relates to an electroluminescent 
phosphor and its manufacturing method • The present invention 
also relates to an electroluminescent element using the 
electroluminescent phosphor . 

10 BACKGROUND ART 

[0002] Electroluminescence {EL ) is a luminous phenomenoo which 
occurs when an electric field is applied to a substance, and a 
phosphor (hereinafter referred to as the electroluminescent 
phosphor) generating such emission of light is being used for a 

15 display device or a backlight of a liquid crystal display these 
years * 

[0003] As the electroluminescent phosphor, there is known , for 

example, one having zinc sulfide ( ZnS ) as a host material, into 
which copper as an activator and at least one element selected 

20 from chlorine, bromine, iodine and aluminum as a coactivator are 
contained, and which emits blue-green light • 
[0004] A known method for producing the above 
electroluminescent phosphor is as follows. As shown in Fig. 17A, 
ZnS powder 51 which is a host material of a phosphor, a 

25 copper-containing compound such as copper acetate, and 52 

indicating an alkali metal chloride, an alkaline earth metal 
chloride or ammonium chloride are mixed as a flux which also serves 
as a chlorine source. The flux is heated in an inert gas or 
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sulfurizing gas atmosphere at a high temperature of 1000 to 1200''C. 
ThuSr the flux is melted to substitute and introduce Cu and Cl^ 
which are luminescence centers , with and into the Zn and S 
positions of ZnS as indicated by (a) in a magnified state in Fig . 
5 llBy and ZnS particles are sintered at the same time to grow to 
have a particle diameter of 25 to 50 pm required for the phosphor. 
The Cu converted into the Zn position in the above method becomes 
an acceptor and the CI becomes a donor. (See^ for example. Patent 
Document 1 ) 

10 [0005] The produced electroluminescent phosphor is mixed and 
dispersed into a dielectric material such as castor oil to form 
a light emitting layer, an electrode is disposed at its both ends , 
and at least one of them is determined as a transparent electrode, 
thereby forming a dispersion type electroluminescent element. 

15 And, an AC voltage having a prescribed voltage and frequency 
( lOOOV, 1 kHz ) is applied between the electrodes to emit light. 
[0006] It is assumed that the electroluminescent phosphor 
emits light according to the following mechanism. As indicated 
by (b) in a magnified state in Fig. 17B, some Cu not substituted 

20 with or introduced into the Zn position are deposited as 

needle-like CU2S (or CUxS) 53 along a linear or planar lattice 
defect such as transition, a twin boundary of ZnS crystal . The 
CU2S is a high conductive compound and its electric conductivity 
is higher than that of ZnS . 

25 [0007] Such a phosphor for electroluminescence is different 
from a phosphor for a CRT and has a large particle diameter of 
5-30 fxm and a Cu concentration of about 0.1 weight% much larger 
than that { about 0.01 weight %) of the phosphor for the CRT. A 



synthesis tempera-ture is higher than a transition temperature of 
1020°C of a zinc blende type ( low-temperature phase) to a wurtzite 
type ( high^-temperature phase) of ZnS^ and cubic crystal ( zinc 
blende type) and hexagonal crystal (wurtzite type) are mixed « The 
5 CU2S is precipitated along a lattice defect such as transition 
or stacking fault, but such a defect tends to occur on the interface 
between cubic crystal and hexagonal crystal , so that the 
above-described phosphor for electroluminescence has a 
characteristic that a CU2S precipitate is formed easily. When 

10 observed through a transmission electron microscope , ZnS has twin 
crystal having the (111) plane of the zinc blende type as boundary 
surface/ and a precipitate of CU2S is observed at an end or the 
like on the boundary surface. The precipitate has a diameter of 
about 2 0 to 40 nm. 

15 [0008] Thus , when a voltage is applied between the electrodes 
having the phosphor (ZnS:Cu, CI) including a needle-like 
precipitate of CuaS therebetween as shown in Fig. 18 , an electric 
field is concentrated on a lc;<iaiiA^ z-^rrl x:ae C112S precipitate 
which is a highly conductive compound , electrons are emitted from 

20 the leading end on the side near the positive electrode , and 
positive holes are emitted from the leading end on the side near 
the negative electrode into the phosphor by the high electric 
field. In the phosphor , the electrons are caught by a donor level , 
and the positive holes are caught by an acceptor level . When a 

25 voltage polarity changes , the electrons are emitted from the donor 
level, travel within the phosphor particles , and are recombined 
with the positive holes near the other leading end to emit light . 
(See, for example. Non-patent Document 1 and Non-patent Document 



2) 

[0009] However^ the conventional electroluminescent phosphor 
having such an emission mechanism has the deposition of CU2S which 
is a needle-^like compound having high conductivity determined 

5 indirectly depending on synthesis conditions such as a starting 
material composition^ a baking temperature^ a baking time^ a 
baking a-.:: :-s :here and the like, ana iiilie shape, precipitation 
concentration, distributed state of the precipitate CU2S 53 cannot 
be controlled directly as shown in Fig. 17C. Therefore, it is 

10 hard to obtain an electroluminescent phosphor having stable high 
luminous efficiency • 

[0010] Because a type of phosphor usable as the phosphor for 
electroluminescence is limited, selection of luminous efficiency, 

'Zhrzj 3 z'^zz^'ZY f life and the like for practical use is limited, 
15 Besides, the applied voltage and threshold voltage to start the 
emission of light are high, so that it is required that a driver 
circuit as a whole has a high voltage resistance. Thus, it has 
a disadvantage that the cost is high. 
[0011] An element (hereinafter referred to as the 
20 electroluminescent element ) having an electroluminescent 

phosphor as a light emitting layer is roughly divided into two 
structures of a dispersion type and a thin-film type. For both 
the structures , a copper-activated zinc sulfide phosphor (ZnS:Cu, 
CI) that has , for example, a large amount of copper sulfide (CU2S 
25 or CUxS) deposited in the crysrai of ZnS which is the host material 
is used as the electroluminescent phosphor. 

[0012] The dispersion type electroluminescent element is 
formed by forming a light emitting layer from a phosphor material 



which has electroluminescent phosphor particles dispersed into 
a high dielectric substance (organic binder) such as 

z 7 5. : , c e t h y 1 c e 1 1 u 1 o s e and sandwiching the light emitting layer 
between two electrode layers with an insulating high dielectric 

5 layer intervened on at least one surface. And, at least one of 
the two electrode layers is determined as a transparent electrode 
layer, and a prescribed AC voltage having a prescribed frequency 
was applied between the electrode layers to emit light. 
[0013] The thin-film electroluminescent element has a 

10 structure that an ITO transparent electrode layer, a first 
insulating layer, an electroluminescence layer, a second 
insulating layer and a backplate metal electrode layer are 
sequentially laminated on a glass substrate. And, the 
electrolumiaescerice layer is formed into a thin film having a 

15 thickness of the order of 1/10 by a method of depositing a 
manganese-activated zinc sulfide phosphor (ZnS:Mn) • An AC 
voltage of about lOOV is applied between the ITO transparent 
electrode layer and the backplate metal electrcoc: sr, and a 
high electric field of about 2 x 10^ V/cm is applied to the 

20 electroluminescence layer to emit light. (See, for example. 
Non-patent Document 3 ) 

[0014] But, for a conventional dispersion type 
electroluminescent element , a usable electroluminescent 
phosphor is limited to a zinc sulfide type having copper as an 
25 activator, and the emission color is limited to green. Therefore, 
it is hard to commercialize a color (three-color) 
electroluminescent element . 

[0015] A range of use is limited because emission luminance 



is not enough- Specifically, to obtain good luminance, it is 
necessary to use a phosphor having a large particle diameter of 

about 30 uM to form a phosphor layer (light emitting layer) having 
a thickness of 100 fxm or more, and usable applications of such 
5 a light emitting layer are limited because maximum luminance is 
low to about 100 cd*m^ . 

[0016] Besides , the thin~f ilm electroluminescent element 
applies a high electric field to a light emitting layer having 
a thickness of about 0.5 [jim, so that light of high luminance can 

10 be emitted • But, the thin-film electroluminescence layer is 
formed by a method such as vapor deposition, so that a type of 
phosphor film is limited- Therefore, the emission color is 
limited to orange or the like, and selection for commercialization 
is limited. There are also problems that a large screen is hard 

15 to produce, and the cost is high. 

Patent Document 1 : Japanese Patent Laid-open Application 
Hei 7-216353 

Non-patent Document 1 : Journal of the Electrochemical 
Society, 109, 1043-1049 (1962). 
20 Non-patent Document 2 : Journal of the Electrochemical 

Society, 110, 733-748 (1963). 

Non-patent Document 3: T. Inoguti, M. Takeda, Y. Kakihara, 
Y. Nakata and M. Yoshidas '74 SID Intern. Symposium Digest, 
84(1974) 
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SUMMARY OF THE INVENTION 

[00171 The present invention has been made in view of the above 
circumstances and provides an electroluminescent phosphor having 

6 



high luminous efficiency, good chromaticity , a long life and the 
like, a method for manufacturing it, and an electroluminescent 
element using the electroluminescent phosphor. The invention 
also provides an electroluminescent element capable of providing 
5 a large screen having high luminance with high yield at a low cost. 
The invention also proposes a device structure capable of making 
a variety of electron beam exc^'ca^sj,:.: : obors emit light easily 
and provides an electroluminescent element excelling in mass 
productivity and capable of providing a large screen at a low cost, 

10 [0018] A first aspect of the invention is an electroluminescent 
phosphor, comprising phosphor particles and electron-emitting 
material particles, wherein the electron-emitting material 
particles are not originating from atoms constituting the host 
material of the phosphor and an activator, and the 

15 electron-emitting material particles are contained inside the 
phosphor particles or included between the phosphor particles in 
close contact with them* 

[0019] A second aspect of the invention is a method for 
manufacturing an electroluminescent phosphor, comprising mixing 

20 a phosphor material including elements constituting the host 
material of a phosphor and an activator or a compound containing 
the elements and electron-emitting material particles; and baking 
the prepared mixture by heating to yield an electroluminescent 
phosphor comprising phosphor particles and the electron-emitting 

25 material particles coirtaiiied xn the phosphor particles. 

[0020] A third aspect of the invention is a method for 
manufacturing an electroluminescent phosphor, comprising mixing 
a phosphor material including elements constituting the host 



material of a phosphor and an activator or a compound containing 
the elements , and heating for baking the mixture to prepare 
phosphor particles, mixing the phosphor particles prepared in the 
previous step with electron-emitting material particles, and 
5 baking the mixture prepared in the previous mixing step by heating 
to produce an electroluminescent phosphor comprising the phosphor 
particles and the electron-emitting material particles contained 
in the phosphor particles . 

[0021] A fourth aspect of the invention is a method for 
10 manufacturing an electroluminescent phosphor, comprising mixing 
a phosphor material including elements constituting a host 
material of a phosphor and an activator or a compound containing 
the elements , and heating for baking the mixture to prepare 
phosphor particles, mixing the phosphor particles prepared in the 
15 previous step and electron-emitting material particles , and 
pressing the mixture prepared in the mixing step at normal 
temperature or while heating to closely contact the phosphor 
particles with the electron-emitting material particles included 
between phosphor particles . 
20 [0022] A fifth aspect of the invention is an electroluminescent 
element, comprising a light emitting layer containing the 
electroluminescent phosphor according to the first invention- 
[0023] A sixth aspect of the invention is an electroluminescent 
element, comprising a light emitting layer including phosphor 
25 particles and electron-emitting materia. ^..'^^x.rticles not 

originating from atoms constituting the host material of the 
phosphor and an activator, wherein the electron-emitting material 
comprises a conductive compound , and a content ratio of the 



electron-emitting material in the light emitting layer is 1 to 
75 weight %* 

[00241 A seventh aspect of the invention is an 
electroluminescent element, comprising a light emitting layer, 

5 first and second electrode layers which are disposed on both 
surfaces of the light emitting layer, and an apparatus for 
applying an electric field between the electrode layers- 
[00251 The light emitting layer is formed of lamination of a 
phosphor layer of at least one layer and an electron emission 

10 source layer of at least one layer including an electron-emitting 
material not originating from the atoms constituting the host 
material of the phosphor and an activator. 

[00261 In the electroluminescent phosphor of the invention, 
the electron»=emitting material particles not originating from the 

15 atoms constituting the host material of the phosphor and the 
activator are contained inside the phosphor particles or included 
between the phosphor particles in close contact with them, so that 
the luminous efficiency can be improved in comparison with the 
conventional phosphor having CusS formed spontaneously. 

20 [00271 The host material of the phosphor is not limited to ZnS, 
various electron-emitting materials can be selected, and such an 
electron-emitting material can be included at a high 
concentration. Therefore, various demands for the device, such 
as an emission color, luminance, life, cost and the like, can be 

25 satisfied, and an electroluminescent phosphor having high 

luminous efficiency, good chromaticity and a long life can be 
obtained. 

[0028] Besides, a high-luminance efficiency and 

9 



high-luminance dispersion type electroluminescent element can be 
produced by using this phosphor to form a light emitting layer. 
[0029] In the electroluminescent element of the invent ion ^ the 
phosphor is not limited to the ZnS-based materials, and the 

5 phosphor conventionally considered hard to make it emit light can 
be made to emit light easily by applying an electric field. And, 
various demands for the device, such as an emission color, 
luminance, life, cost and the like, can be satisfied, and the 
electroluminescent element having a high-luminance efficiency 

10 and high-luminance can be produced. Thus, widespread use can be 
realized. And, the emission layer can be formed by a simple method 
without using a dry method (vapor-phase deposition method ) , so 
that an electroluminescent element having a large area can be 
produced at a low cost. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] [FIG. lA] FIG. lA is a view schematically showing the 
structure of an electroluminescent phosphor of a first 

embodiment , 

20 [FIG. IB] FIG. IB is a view schematically showing the structure 
of an electroluminescent phosphor of the first embodiment . 
[FIG. IC] FIG. IC is a view schematically showing the structure 
of an electroluminescent phosphor of the first embodiment . 
[FIG. ID] FIG. ID is a view schematically showing the structure 

25 of an electroluminescent phosphor of the first embodiment. 

[FIG. IE] FIG. IE is a view schematically showing the structure 
of an electroluminescent phosphor of the first embodiment. 
[FIG. IF] FIG. IF is a view schematically showing the structure 
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of an electroluminescent phosphor of the first embodiment. 
[FIG. 2] FIG. 2 is a view schematically showing the structure of 
an electroluminescent phosphor of a second embodiment. 
[FIG, 3A] FIG. 3A is a view showing a shape of an electron-emitting 

5 material particle used in the first and second embodiments. 
[FIG. 3B] FIG. SB is a view showing a shape of an electron-emitting 
material particle used in the first and second embodiments . 
[FIG. 4] FIG. 4 is a view illustrating a first method of producing 
the electroluminescent phosphor of the first embodiment. 

10 [FIG. 5 ] FIG. 5 is a view illustrating a second method of producing 
the electroluminescent phosphor of the first embodiment. 
[FIG. 6] FIG. 6 is a view illustrating a third method of producing 
the electroluminescent phosphor of the first embodiment. 
[FIG. 7 ] FIG. 7 is a vi.ew illustrating another method of producing 

15 the electroluminescent phosphor of the first embodiment, in which 
luminous efficiency is improved . 

[FIG. 8] FIG. 8 is a view illustrating a method of producing the 
electroluminescent phosphor of the second embodiment. 
[FIG. 9] FIG. 9 is a perspective sectional view showing a structure 
20 of a monochrome dispersion type electroluminescent element of a 
third embodiment . 

[FIG. 10 ] FIG. 10 is a perspective sectional view showing a 
structure of a three-color dispersion type electroluminescent 
element of a fourth embodiment . 
25 [FIG. 11] FIG. 11 is a schematic . . .xonal view showing a structure 
of a dispersion type electroluminescent element of a fifth 
embodiment . 

[FIG. 12 ] FIG. 12 is a schematic sectional view showing a structure 
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of a thin-film electroluminescent element of a sixth embodiment • 
[FIG- 13 ] FIG. 13 is a schematic sectional view showing a 
electroluminescent element of a seventh embodiment. 
[FIG. 14 ] FIG. 14 is a view showing characteristics required for 
5 the electron-emitting material of the seventh embodiment . 

[FIG. 15 ] FIG. 15 is a sectional view schematically showing a 
structure of a thin-film electroluminescent element of an eighth 
embodiment . 

[FIG. 16 ] FIG. 16 is a sectional view schematically showing a 
10 structure of a thin-film electroluminescent element of a ninth 
embodiment . 

[FIG. 17A] FIG. 17A is a view illustrating a method of producing 
a conventional electroluminescent phosphor. 

[FIG. 17B] FIG- 17B is a view illustrating the method of producing 
15 the conventional electroluminescent phosphor. 

[FIG. 17C] FIG. 17C is a view illustrating the method of producing 
the conventional electroluminescent phosphor. 

[FIG. 18 ] FIG. 18 is a view illustrating an emission mechanism 
of the conventional electroluminescent phosphor. 

20 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0031] Embodiments of the invention will be described below 
with reference to the drawings . It is to be understood that the 
present invention is not limited to the following embodiments . 
25 (00321 An electroluminescent phosphor of a first embodiment 
of the invention comprises phosphor particles 1 and 
electron-emitting material particles 2 as shown in Fig. lA through 
Fig. IF. The electron-emitting material particles 2 are not 



originating from atoms constituting a host material of the 
phosphor and an activator, and the electron-emitting material 
particles 2 are contained inside the phosphor particles 1. An 
electroluminescent phosphor of a second embodinient has the 
electron-emitting material particles 2 not originating from the 
atoms constituting the host material of the phosphor and the 
activator xncluded between the phosphor particles 1 in close 
contact with them as shown in Fig* 2. 

[0033] As the phosphor used in the first and second embodiments, 
a known phosphor can be used. For example, not only ZnSsCu having 
a blue-green emission color but also Y2O2S sEu indicating vivid 
light emission with high efficiency, Zn2Si042Mn indicating green 
emission with high color purity, ZnSsAg indicating blue emission 
with high efficiency, or the like can be used to respond to various 
demands such as an emission color, luminance, life, cost and the 
like. Phosphors usable in the embodiments are shown in Table 1 
together with host materials of phosphors and materials of 
activators . 



[0034] [Table 1] 





Raw material of host 
material of phosphor 


Raw material of 
activator 


Phosphor 


(1) 


ZnO, Si02 


MnC03 


Zn2Si04 :Mn 


(2) 


ZnO, Ge02 


MnC03 


Zn2Ge04:Mn 


(3) 


Y2O3 


EU2O3 


Y203:Eu 


(4) 


ZnS 


CiiSO4*5H20 


Z nS s Cu. 


(5) 


ZnS 


AaHO;. 


ZnS :Aq 


(6) 


Y2O3. s 


Ell 2 -' 3 


Y2O2SSEU 


C) 


Y2O3, Si02 


EU203 


YzSiOsJEu 


(8) 


GasOs 


EU203 


Ga203:Eu 


(9) 


MqO, Ga203 


EU203 


MqGa204 : Eu 



[0035] Phosphor particles have a particle diameter ( average 
particle diameter) of 1 nm to 100 [m, and more preferably 100 nm 
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to 30 im. If the phosphor particles have a particle diameter of 
exceeding 100 ym, a threshold voltage is increased ^ and if the 
particle diameter is less than 1 nm^ luminous efficiency decreases 

considerably. 

[0036] The electron-emitting material used in the first and 
second embodiments has an electric resistivity of 10^ Q*cm or less , 
preferably 10^ Q*cm or less, and more pjref er ?~.ol:/ 10^ Q^cm (1 Q*cm) 
or less. If the electric resistivity of the electron-^emitting 
material is higher than 10' 0*cm, satisfactory electron emission 
capacity is not provided, and the emission of the phosphor cannot 
be made. It is desirable that the electric resistivity is lower, 
but the electron emission capacity is highly influenced by the 
shape of the electron-remitting material particles as described 
below • 

[0037] It is desirable that the shape of the electron-emitting 
material particles 2 has an aspect ratio (L/D) , which is a ratio 
of a major axis (L) and a minor axis (D) , of 1,5 or more, and more 
preferably 2 or more as shown in Fig. 3A. Those having a larger 
aspect ratio have higher electron emission capacity, but even if 
the shape is roughly (in appearance) spherical and has an aspect 
ratio of 1 as shown in Fig. 3B, electrons can be emitted 
sufficiently from an end or sharp-^pointed part of any fine 
projection or chipped part of about several nanometers of the 
spherical shape as described later . Besides , it is desirable that 
the electron-ernxzcxng material particles 2 have a particle 
diameter not larger than that of the above-described phosphor 
particles 1 . 

[0038] Types and characteristics of the electron-emitting 

14 



materials usable in the embodiments of the invention are shown 
in Table 2. It is particularly desirable to use a monolayer or 
multilayer type carbon nanotube (CNT) as the electron-emitting 
material particles 2. A variety of metal particles is also 
suitable but it is particularly desirable to use metal particles 
of Mo, W, Au, Ag or Pd having a low work function. And, a 
conductive oxide su.. . c.f I-SIZ. z:: I TO and a complex conductive oxide 
such as titanium oxide (TiOa) coated with such a conductive oxide 
can also be used. 
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[0040] In addition to the structure shown in Fig. lA, the 
electroluminescent phosphor of the first embodiment can have 
a variety of structures as shown in Fig. IB through Fig. IF by 
combining the phosphor particles 1 and the electron-emitting 
5 material particles 2. Fig. IB shows a structure that 

needle-like electron-emitting material particles 2 having a 
particularly large aspect ratio are contained inside the 
phosphor particles 1 in a dispersed form. Fig. IC shows a 
structure that fine electron-emitting material particles 2 
10 having a small particle diameter are contained in a dispersed 
form. Fig. ID shows a structure that spherical electron-emitting 
material particles 2 having projections partly are contained. 
Fig. IE shows a structure that electron-emitting material 
particles 2 having a large number of projections on the outer 
15 circumference are contained, and Fig. IF shows a structure that 
large electron-emitting material particles 2 having a size close 
to that of the phosphor particles 1 are contained inside the 
phosphor particles 1 . A structure formed by combining the above 
structures can also be used. 
20 [0041] A content ratio of the electron-emitting material 
particles 2 to the electroluminescent phosphor as a whole is 
preferably 0.00001 to 50 weight%, more preferably 0.0001 to 20 
weight% and more preferably 0 . 0001 to 5 weight% . If the content 
ratio of the electron-emitting material particles 2 is larger 
25 than 50 weight%, the phosphor portion which becomes a light 
emitting section becomes relatively too low and luminous 
efficiency might be also lowered because of light absorption 
by the colored electron-emitting material particles 2. If the 

18 



content ratio of the electron-emitting material particles 2 is 
less than 0.00001 weight%, the emission of electrons lowers 
excessively, causing lowering of luminance and an increase in 
threshold voltage. 

[0042] The electroluminescent phosphors (shown in Fig. lA to 
Fig. IF) having the structure that the electron-emitting 
material particles 2 are completely contained in the phosphor 
particles 1 or a electroluminescent phosphor having a 
phosphor-coated layer on the outermost layer produced by a third 
method to be described later may have the electron-emitting 
material particles 2 having a content ratio of which upper limit 
is a value (e.g., 99.999%) extremely close to 100 weight% . But, 
the electroluminescent phosphor having a structure that the 
electron-emitting material particles 2 are not completely 
contained in the phosphor particles 1 but partly protruded from 
the surfaces, or the electroluminescent phosphor ( shown in Fig. 
2) having a structure that the electron-emitting material 
particles 2 are included between the phosphor particles 1 in 
close contact with them, is not desirable to have a content ratio 
of which upper limit value is close to 100 weight%. Because, 
when the content ratio is increased, the area of the light 
emitting phosphor surface decreases even if the light emission 
from the phosphor is absorbed by a body color of the 
electron-emitting material particles 2 and the 
electron-emiccxjig material particles 2 are white or the like, 
and light absorption does not occur substantially. 
[0043] The electroluminescent phosphor of the first 
embodiment is produced by, for example, the following methods. 
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[0044] According to a first method, a prescribed amount of 
electron-emitting material particles 2 is added to a phosphor 
material composed of a material (hereinafter referred to as the 
core material) 3 containing elements constituting a host 
material of a phosphor and a material (hereinafter referred to 
as the activator raw material) 4 containing elements of an 
activator as shown in Fig. 4 , and, if necessary, a flux (not 
shown) such as potassium chloride or magnesium chloride is added, 
and they are wet blended. Specifically, the phosphor material 
is dispersed into an ion exchange water to prepare slurry. The 
electron-emitting material particles and the flux are added to 
the slurry, they are blended by a stirrer, and the obtained slurry 
is placed into a drying vessel and dried by a drying machine. 
They may also be dry blended. 

[0045] The mixture of the phosphor material and the 
electron-emitting material particles 2 is charged into a 
heat-resistant container such as a quartz crucible and heated 
for baking under conditions (an atmosphere, temperature and 
time) for obtaining a target phosphor. Then, the obtained baked 
product is washed with ion exchange water (deionized water) or 
the like, dried and, if necessary, sieved to remove coarse 
particles . Thus, an electroluminescent phosphor that the 
electron-emitting material particles 2 are dispersed and 
contained inside the phosphor particles 1 can be obtained. 
[0046] If the electx-; .-fitting material disturbs the 
reaction between the core material 3 and the activator raw 
material 4, the following production method can be employed. 
[0047] According to a second method, the core material 3 and 
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the activator raw material 4 are blended. The mixture is heated 
for baking to obtain the phosphor particles 1, a prescribed 
amount of the electron-emitting material particles 2 is added 
to the obtained phosphor particles 1, and they are wet blended 
5 and dried or dry blended as shown in Fig. 5. 

. j48] The mixture is charged into a heat-resistant container 
such as a quartz crucible and heated again for baking under 
ordinary conditions for obtaining a phosphor. Then, the 
obtained baked product is washed and dried. The obtained baked 
10 product is washed and dried to obtain the electroluminescent 
phosphor that the electron-emitting material particles 2 are 
dispersed and contained inside the phosphor particles 1. 
[0049] Besides , in the electroluminescent phosphors obtained 
by the first and second methods, the electron-emitting material 
15 particles 2 are not contained completely inside the phosphor 
particles 1 and may be partly protruded from the surfaces of 
the phosphor particles 1. The exposed portions of the 
electron-emitting material particles 2 are not involved in the 
emission of the phosphor, so that luminous efficiency becomes 
20 poor, but according to the following method, the luminous 
efficiency can be prevented from lowering, and an 
electroluminescent phosphor having higher luminous efficiency 
can be obtained. 

[0050] In other words , according to a third method, a core 
25 material 3 and an ac „_/ator raw material 4 are added to and mixed 
with the electroluminescent phosphor particles 5 obtained by 
the first method or second method. The mixture is heated for 
baking- Thus , an electroluminescent phosphor having a coated 
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layer 6 of the phosphor on the outermost layer can be obtained 
as shown in Fig. 6. 

[0051] In order to prevent the luminous efficiency from being 
lowered by the exposure of the above-described 
5 electron-emitting material particles, there can be employed a 
method that a part 2a protruded from the surface of the phosphor 
particles 1 of the electron-emitting material particles 2 is 
dissolved with an acid or alkali as shown in Fig. 7. 
[0052] The electroluminescent phosphor of the second 
10 embodiment can be produced as follows. Specifically, according 
to a fourth method, the phosphor particles 1 and the 
electron-emitting material particles 2 produced by an ordinary 
method are mixed, and the mixture is undergone pressing at normal 
temperature or pressing while heating to closely contact the 
15 phosphor particles 1 with the electron-emitting material 

particles 2 contained between them as shown in Fig. 8. Thus, 
contribution of the electron-emitting material particles 2 to 
the light emission is enhanced, and an electroluminescent 
phosphor having good luminous efficiency can be obtained. 
20 [0053] In the electroluminescent phosphor of the first and 
second embodiments produced as described above , the 
electron-emitting material particles 2 not originating from the 
core material 3 and the activator raw material 4 are contained 
inside the phosphor particles 1 or included between the phosphor 
25 particles 1 in close contact with them, so that when an 

alternating electric field is applied, electrons are emitted 
from the ends of the electron-emitting material particles 2 to 
excite the contacted phosphors , thereby capable of emitting 
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light efficiently. And, luminous efficiency can be improved in 
comparison with a conventional phosphor that an 

electron-remitting substance such as CuaS is generated 

spontaneously * 

5 [0054] Then^ an electroluminescent element provided with a 
light emitting layer containing the electroluminescent phosphor 
produced as described above will be described. 
[00551 For example, the electroluminescent phosphors of the 
first and second embodiments are used for the light emitting 

10 layer of an organic dispersion type electroluminescent element 
of the third embodiment . 

[0056] Fig* 9 shows a monochrome dispersion type 
electroluminescent element having a light emitting layer 7 that 
the electroluminescent phosphor of the above-described first 
15 or second embodiments is dispersed in an organic hign pDlyr-er 
binder (organic dielectric material) having a high dielectric 
constant such as cyanoethylcellulose . 

[0057] On £ . 3 in surface of the light emitting layer 7 is 
disposed a transparent electrode substrate that a transparent 

20 electrode layer 9 such as an I TO film or an SnOa film is formed 
on a transparent substrate 8 such as a glass substrate or a 
polyester (PET) film by a sputtering method, a CVD method or 
a printing method. This transparent electrode substrate is 
disposed such that the transparent electrode layer 9 is contacted 

25 with the light emitting layer 7 . 

[0058] On the other main surface of the light emitting layer 
7 is formed a dielectric layer 10 which is formed of fine 
particles having a high dielectric constant such as TiOa or 
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barium titanate (BaTiOa), and a backplate electrode layer 11 
which is formed of a metal foil such as an Al foil or a metal 
film is disposed on it. Besides, a sealing plate 12 is disposed 
on the backplate electrode layer 11, the whole of them is 

5 subjected to, for example, thermocompression bonding, to form 
an organic dispersion type electroluminescent element . It is 
not shown in a drawing but it is configured to draw electrodes 
from the transparent electrode layer 9 and the backplate 
electrode layer 11, and an AC voltage is applied from the 

10 electrodes to the light emitting layer 7. 

[0059] Fig. 10 shows a three-color organic dispersion type 
electroluminescent element of a fourth embodiment. This 
dispersion type electroluminescent element has the transparent 
electrode layer 9 such as an I TO film formed in stripes with 

15 a prescribed pitch on the transparent substrate 8. And, the 
light emitting layer 7, that the electroluminescent phosphor 
of the above-described embodiment is dispersed in an organic 
high polymer binder having a high dielectric constant, is formed 
at a corresponding position on the transparent electrode layer 

20 9 by a printing method or the like. Three color light emitting 
layers 7B, 7G, 7R of blue, green and red are sequentially arranged 
repeatedly. 

[0060] The dielectric layer 10 of fine particles having a high 
dielectric constant such as barium titanate is formed on the 
25 light emitting lay-ezz 7, and the backplate electrode layer 11 
of a metal foil or film is formed on the dielectric layer 10. 
The backplate electrode layer 11 is formed in stripes and 
disposed to intersect with the transparent electrode layer 9 
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which is a front electrode. Besides, the sealing plate 12 is 
formed thereon, and the whole of them is subjected to, for example, 
thermocompression bonding to constitute an organic dispersion 
type electroluminescent element. 

[0061] A high voltage is applied between the backplate 
electrode layer 11 and the transparent electrode layer 9 to emit 
light. And, the voltage application is controlled by a drive 
circuit to apply an AC voltage to the light emitting layer 7 
at the intersecting positions of the backplate electrode layer 
11 and the transparent electrode layer 9. Thus, the light 
emitting layers 7B, 7G, 7R of blue, green and red are made to 
emit light independently, whereby a color image can be displayed. 
[0062] A fifth embodiment of the invention is a dispersion 
type electroluminescent element and has a structure that a light 
emitting layer 23 containing phosphor particles 21 and 
electron-emitting material particles 22 of a conductive 
compound is sandwiched between two electrode layers 25 with an 
insulating layer 24 interposed on both surfaces as shown in Fig. 
11. The insulating layer 24 may be disposed on only one surface 
of the light emitting layer 23. A dielectric layer can also be 
disposed together with the insulating layers 24. 
[0063] In the electroluminescent element of the fifth 
embodiment, the electron-emitting material particles 22 are not 
originating from the electrons constituting the host material 
of the phosphor contained xn the light emitting layer 23 and 
the activator, disposed in close contact with the outer 
circumferences of the phosphor particles 21 or filled between 
the phosphor particles 21 in close contact with them. And, the 
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proportion of the content of the electron-remitting material to 
the light emitting layer as a whole is in a range of 1 to 75 
weight% • 

[0064] The electron-emitting material particles 22 are not 
necessarily required to be adhered uniformly to the peripheries 
of the phosphor particles 21 but may be localized partly or 

aggregated between the phosphor particles 21. The light 
emitting layer 23 can be formed by a method that the phosphor 
particles 21 produced by an ordinary method and the 
electron-emitting material particles 22 are mixed, the mixture 
is sandwiched between the electrode layers 25, and the obtained 
product is subjected to a pressing treatment at normal 
temperature- A method of alternately laminating a thin layer 
of the phosphor particles 21 and a thin layer of the 
electron-emitting material particles 22 can also be employ ea. 
A method of adhering the electron-emitting material particles 
2 2 to the peripheries of the phosphor particles 21 by a spray 
drying method or the like can be used. Conversely, the light 
emitting layer 23 may be formed by adhering the phosphor 
particles 21 to the peripheries of the electron-emitting 
material particles 22. 

[0065] As the phosphor used in the fifth emb : cnown 
phosphors can be used/ For example, ZnS :Cu or Zn2Si04 sMn showing 
green emission, ZnSsAg or BaMgAlioOi7 sEu showing high-efficiency 
blue emission, and YaOaSsEu or YzO.sEu showing red emission can 
be used to satisfy various demands for an emission color , 
luminance, life, cost and the like.. 

[0066] The phosphor particles 21 have a particle diameter 
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(average particle diameter) of 1 rmto 100 iim, and more preferably 
10 nm to 30 ^m. If the phosphor particles 21 have an average 
particle diameter of more than 100 \xm, a threshold voltage is 
increased,, and if the average particle diameter is less than 
5 1 nm, the luminous efficiency is lowered considerably. 

[0067] The electron-emitting material used in the fifth 
embodiment is composed of a conductive compound having an 
electric resistivity of 10^ Q*cm or less, preferably 10^ £2 •cm 
or less and more preferably 10° Q»cm (1 Q*cm) or less. If the 
10 electron-emitting material has an electric resistivity of 

higher than 10^ □•cm, it does not have a sufficient electron 
emission capacity, and it is hard to make the phosphor emit light. 
[0068] Such a conductive compound includes conductive oxide 
such as ATO or ITO, and a complex conductive oxide such as 
15 titanium oxide (TiOs) coated with the conductive oxide. And, 
zinc oxide (ZnO), titanium oxide (TiOs), copper sulfide (CU2S), 
and the like can also be used. Besides, a blending amount for 
providing a black body color is limited, but a monolayer type 
or multilayer type carbon nanotube (CNT) can also be used in 
20 a small amount . 

[0069] The electron-emitting material is not limited to a 
particular particle shape. It may be a needle-like shape or 
spherical shape. And, sufficient electron emission can be made 
regardless of whether or not the outer circumference surface 
25 has any fxr.e projection or chipped part. 

[0070] A content ratio of the electron-emitting material 
particles 22 is largely variable depending on the used 
electron-emitting material, phosphor type and particle diameter, 
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but it is desirable that the content in the light emitting layer 
23 (phosphor layer) is in a range of 1 to 7 5 weight%, and more . 
desirably in a range of 5 to 50 weight% . If the content ratio 
of the electron- emitting material particles 22 is larger than 
75 weight %^ the phosphor portion which becomes a light emitting 
section becomes excessively small relatively, so that the 
luminous efficiency lowers . And, luminous efficiency may be 
lowered because of light absorption by the colored 
electron-emitting material particles 22, Conversely, if the 
content ratio is less than 1 weight% , the electron emission 
becomes excessively small, and it is not desirable because 
luminance lowers and a threshold voltage increases . 
[0071] Besides, in the fifth embodiment, the thickness of the 
light emitting layer 23 including the phosphor particles 21 and 
the electron-emitting material particles 22 is an important 
element to determine the emission luminance and the emission 
start voltage. It is preferably 1 to 100 times and more 
preferably 1*5 to 20 times larger than the average particle 
diameter of the phosphor particles 21 • To emit light, the 
electron-emitting material particles 22 must be between the 
phosphor particles 21 in a thickness direction that the electric 
field is applied, and if the light emitting layer 23 is 
excessively thin, its intervened state is less , and light 
emission does not occur. If it is excessively thick, the 
emission start voltage becomes excessively high, and light 
extraction efficiency lowers . Thus , it is not desirable because 
luminance lowers . 

[0072) When the phosphor particles 21 have a smaller average 
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particle diameter^ the electron-emitting material particles 22 
can be intervened sufficiently without increasing the thickness, 
so that it can be balanced with the sufficient voltage 
application to the phosphor. Thus, the emission luminance can 
be enhanced • But^ if the average particle diameter is 
excessively small, the luminous efficiency of the phosphor 
itself tends to lower but variable depending on the phosphors. 
Therefore, an optimum value of the average particle diameter 
of the phosphor particles 21 is variable depending on the types 
of the phosphors . 

[007 3] In the electroluminescent element of the fifth 
embodiment, the light emitting layer 23, which contains the 
phosphor particles 21, a host material of them and the 
electron-emitting material particles 22 composed of the 
conductive compound not originating from the activator, has a 
structure that it is sandwiched between two electrode layers 
25 with the insulating layer 24 intervened- Therefore, when an 
AC electric field is applied between the electrode layers 25, 
a detail mechanism is not known but electrons are emitted from 
some parts (e.g., end portions) of the electron-emitting 
material particles 22 to excite the nearby phosphor, thereby 
emitting light. Thus, a variety of phosphors heretofore 
considered hard to make them emit light can be easily made to 
emit light by applying the electric field, so that various 
demands for the device, such as an emission color, luminance, 
a life, a cost and the like, can be satisfied, and a 
high-luminance efficiency and high-luminance 
electroluminescent element can be produced. 
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[0074] The present invention can be applied to not only the 
dispersion type electroluminescent element but also can apply 
the above-described light emitting layer as a thin-film 
electroluminescenc element. Specifically, a sixth embodiment 
is a thin-film electroluminescent element , and as shown in Fig. 
12, has a structure that an ITO transparent electrode layer 26, 
a first insulating layer 27, a thin-film electroluminescence 
layer 28, a second insulating layer 29 and a backplate metal 
electrode layer 30 are sequentially laminated on a glass 
substrate (not shown). The electroluminescence layer 28 is 
formed into a thin film, and the electron-emitting material 
particles 22 composed of the above-described conductive 
compound are contained in a phosphor layer 31 composed of 
phosphor particles . The electroluminescent element having such 
a structure can also provide high luminance at a low voltage. 
[0075] The structure of the electroluminescent element of the 
fifth embodiment will be described in further detail with 
reference to a monochrome dispersion type electroluminescent 
element . 

[0076] This electroluminescent element has a transparent 
electrode substrate disposed on one main surface of a light 
emitting layer which contains phosphor particles and 
electron-emitting material particles composed of a conductive 
compound. The transparent electrode substrate has a structure 
that a transparent electrode layer such as an ITO film or an 
SnOa film is formed on a transparent: substrate such as a glass 
substrate or a polyester (PET) film by a sputtering method, a 
CVD method, a printing method or the like, and the transparent 
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electrode layer is disposed in contact with the light emitting 
layer. A high dielectric constant insulating layer such as 
cyanoethylcellulose can be intervened between the transparent 
electrode layer and the light emitting layer. 

5 [0077] On the other main surface of the light emitting layer 
is laminated an insulating dielectric layer which is formed of 
fine particles having a high dielectric constant such as TiOz 
or barium titanate (BaTiOa), and a backplate electrode layer 
which is formed of a metal foil such as an Al foil or a metal 

10 film is disposed on it. Besides, a sealing plate is disposed 
on the backplate electrode layer, the whole of them is subjected 
to, for example, thermocompr es s ion bonding, to form an 
electroluminescent element . And, it is configured to draw 
electrodes from the transparent electrode layer and the 

15 backplate electrode layer, and an AC voltage is applied from 
the electrodes to the light emitting layer. 

[0078] A seventh embodiment of the invention has a structure 
that a light emitting layer 43 comprising a phosphor layer 41 
and an electron-emitting material layer 42 is sandwiched between 

20 two electrode layers (e.g., ITO electrode layers) 45 with an 
insulating layer 44 such as a cyanoethylcellulose layer 
intervened on both surfaces as shown in Fig. 13. The phosphor 
layer 41 is formed of phosphor particles 41a- The insulating 
layer 44 may be disposed on only one surface of the light emitting 

25 layer 43 and may omitted if specified to have a low voltage. 
And, a dielectric layer can also be disposed together with the 
insulating layer 44. Reference numeral 46 denotes a substrate 
such as a glass substrate . 
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[007 9] In the electroluminescent element of the seventh 
embodiment^ the electron-emitting material layer 42 is disposed 
in contact with the phosphor layer 41 . On the interface between 
the electron-^^emitting material layer 4 2 and the phosphor layer 

5 41 1, electrons are emitted from the electron-emitting material 
to excite the phosphor. It was found from the experiments 
performed by the inventors that to emit the electrons having 
enough energy from the electron-emitting material, it was 
necessary that the electron-emitting material had a prescribed 

10 electric resistivity, and the electron-emitting material layer 
42 had a prescribed surface shape* 

[0080] Experiments performed using a variety of materials as 
the electron-emitting material to check the relation between 
their characteristics and light emission will be described below. 

15 For the experiments, a copper and a lum inum- act i va t e a zinc 
sulfide phosphor (ZnS:Cu, Al) having an average particle 
diameter of 5 ym was used as a phosphor to form a phosphor layer 
having a thickness of 10 Mm. As the electron-emitting material, 
ITO, ATO, good electric conductors Cu powder and Au film, a 

20 conductive ZnO film undergone a conduction treatment with Al 
or Ga doped , a ZnO film not undergone the conduction treatment 
and the like were used to produce the electroluminescent element 
having the structure described in the first embodiment . 
[0081] A voltage was applied to the obtained 

25 electroluminescent element under the same conditions to 

determine good or not of the light emission and to check its 
threshold voltage, and compr ehens ive judgment was made* The 
results are shown in Table 3. To judge the light emission, 
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symbols A, B, and C were marked sequentially in order of good 
light emission, and D was marked when light emission was not 
obtained. The phosphor layer and the electron-emitting 
material layer were formed by coating the particles, but it was 
confirmed that the same results can be obtained by a variety 
of vapor-phase deposition methods such as a vapor deposition 
method, a sputtering method, a chemical vapor deposition (CVD) 
method and the like. 
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[0083] Experimental results were summarized with the surface 
irregularity of the electron-emitting material layer 
corresponding to the particle diameter of the electron-emitting 
material associated with the electric resistivity (volume 
resistivity) of the electron-emitting material and shown in Fig. 
14, The surface irregularities are defined by two times of the 
depth of a recess and an average value of the pitches of projections . 
In Fig. 14, A indicates good light emission at an applied voltage 
of 10 V or less, B indicates light emission at an applied voltage 
of 100 V or lessee indicates light emission at an applied voltage 
of about 400 V, and D indicates no light emission even at an applied 
voltage of 500 V. In Fig. 14, light emission could be confirmed 
according to the symbols in the range indicated by oblique lines . 
[0084] The following mechanism of light emission is considered 
in view of the experimental results . Specifically, it is 
considered that when an electric field is applied, the 
concentration of the electric field occurs at the projections of 
the electron-remitting material layer to emit electrons, and the 
electrons cause the phosphor to emit light. If the 
electron-emitting material layer does not have many 
irregularities , the concentration of the electric field is 
decreased, and the phosphor does not emit light , Therefore, the 
electron-emitting material layer needs to have fine surface 
irregularities having a prescribed size or less . In addition, 
the electron-emitting material needs to have an electric 
resistivity (volume resistivity) falling in a prescribed range. 
If the electric resistivity is too low, energy of the emitted 
electrons is not enough to cause the phosphor to emit light, and 
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if the electric resistivity is too high, the electrons are not 
emitted . 

[0085? Specifically, good light emission can be obtained by 
using the electron-remitting material that the electron-emitting 
material layer has a surface irregularity of 40 im. or less , and 
more preferably 1 fxm or less^ and the electric resistivity (volume 
resistivity) is 10^ to 10"^ □•cm. 

[0086] The usable electron-emitting materials include the ATO, 
ITO and conductive ZnO used in the experiments and also a complex 
conductive oxide such as titanium oxide (Ti02) coated with such 
a conductive oxide. Conductive titanium oxide (TiOs) , copper 
sulfide (CU2S) and the like can also be used. Besides^ a blending 
amount for providing a black body color is limited, but a monolayer 
type or a multilayer type carbon nanotube (CNT) can also be used 
in a small amount . 

[0087] The electron-emitting material is not limited to a 
particular particle shape. It may be a needle-like shape or 
spherical shape. And, suf f ^J^ecc:^^- e ^ssion can be made 
regardless of whether or not the outer circumference surface has 
any fine projection or chipped part. As confirmed in the 
experiments, it is adequate when an electric field equivalent to 
the surface irregularity of 40 fxm or less is concentrated on the 
electron-emitting material layer . 

[0088] As a phosphor used in the seventh embodiment of the 
invention, known phosphors can be used. For example, ZnS:Cu, Al 
and Zn2Si04:Mn showing green emission, ZnS:Ag, BaMgAlioOi? : Eu 
showing blue emission with high efficiency, Y202S:Eu and Y2O3SEU 
showing red emission, or a luminous phosphor such as SrAl204sEu, 
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Dy can also be used to satisfy various demands such as an emission 
color, luminance, life, cost and the like. By using a known 

low»-speed electron beam--exciting phosphor such as ZnOsZn or an 
EL phosphor such as ZnSsMn, far brighter luminance than prior art 

5 can be generated • 

[0089] The phosphor particles have a particle diameter 
(average particle diameter) of 1 nm to iOO iim and preferably 10 
nm to 30 ixm. It the phosphor particles have an average particle 
diameter of exceeding 100 ixm, the threshold voltage is increased, 

10 and if the average particle diameter is less than 1 nm, the luminous 
efficiency lowers substantially » 

[0090] According to the electroluminescent element of the 
seventh embodiment of the invention, it is considered that the 
electrons are emitted from the electron-emitting material as 

15 described above , and the electrons excite the nearly phosphor to 
emit light. Therefore, the electroluminescent element of the 
embodiment is common to a conventional electroluminescent element 
on the point that the phosphor is held between the electric fields 
and excited, but the conventional electroluminescent element has 

20 an exciting source inside the phosphor, while the 

electroluminescent element of the embodiment has the electrons 
mostly excited from outside of the phosphor • Thus , it is 
considered that the principle of light emission of the invention 
is quite different from that of the conventional 

25 electroluminescent element • To prove it, the conventional 

dispersion type electroluminescent element has a high dielectric 
substance such as cyanoethylcellulose mixed around the phosphor, 
while the embodiment of the invention has an increase in threshold 



voltage to cause an unfavorable result unless what blocks the 
electrons is eliminated as much as possible between the 
electron-emitting material and the phosphor* 

[00911 considered in view cf the luminescence mechanism 

different from the conventional one that the phosphor for CRT such 
as ZnSsAg (blue light emission) or y2022SsEu (red light emission) 
difficult r.c emit light in the conventional electroluminescent 
element can make good light emission. 

[0092] In the above embodiments , the phosphor layer 41 and the 

electron-emitting material layer 42 are formed in a state of 
particles , but the phosphor layer can be formed into a thin film 
by a vapor-phase deposition method such as vapor deposition. As 
an eighth embodiment , an electroluminescent element having the 
phosphor layer 41 in a thin film state is shown in Fig. 15. In 
such a structure, the phosphor layer 41 and the electron-emxtting 
material layer 42 have good adhesiveness, and luminance is also 
improved , 

[0093] Besides^ in the electroluminescent element having the 
phosphor layer 41 in the thin film state, as a ninth embodiment, 
the electron-emitting material layer 42 can be formed into a thin 
film having a surface irregularity of 4 0 jxni or less as described 
above by a vapor deposition method, a CVD method or a sputtering 
method as shown in Fig. 16. In such a structure, the phosphor 
layer 41 can surely be formed in a state of particles similar to 
that in the seventh embodiment. 

[0094] Light emission can be made even when the 

electron-emitting material and the phosphor particles are m,ixed. 
Besides , luminance can be further improved by laminating the light 
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emitting layer having the electron-emitting material and the 
phosphor particles mixed and the phosphor layer and/or the 
electron-emitting material layer- Especially, it is effective 
when the body colors of the electron-emitting material are not 
5 many . 

[0095] In addition, the electroluminescent elements of the 
above embodiments can decrease a loss of electrons and can improve 
luminance by forming such an element as a whole into a vacuum vessel . 
And, influences of moisture and oxygen can be eliminated by the 
10 vacuum vessel, and an effect for provision of a long service life 
is produced • 

[0096] Specific embodiments of the present invention will be 
described below. 

Example 1 

15 [0097] First, 214.5 g of yttrium oxide ( Y2O3) as a host material 
of a phosphor material (the core material ) , 17 . 6 g of europium 
oxide (EU2O3) as an activator raw material, and 2 g of a Cu*Sn 
powder ( indicated by 6-.{ 6 ) in Table 2 ) as an electron-remitting 
material were prepared and wet blended. The mixture was dried. 

20 The mixture was charged in a quartz crucible and heated for baking 
in the atmospher or an inert gas atmosphere at a temperature of 

for three hours . After baking, the baked mixture was 
washed with deionized water and dried. Thus, a Y2O35EU phosphor 
containing the Cu*Sn particles was produced. 

25 [0098] The obtained phosphor was mixed with castor oil, and 
the mixture was sandwiched between two transparent glass 
electrode plates to produce an element (panel ) . A prescribed AC 
voltage having a prescribed frequency was applied to the obtained 

39 



element^ and light emission was observed. 

[0099] As Comparative Example 1, a Y2O3SEU phosphor produced 

without adding Cu*Sn powder was used to produce an element* A 
prescribed AC voltage having a prescribed frequency was applied 
5 to the obtained element, but light emission was not observed. 
[0100] It was confirmed that electroluminescence was caused 

by w.-^ \. 5.i.r.-.xxg "zr.e -lu ^Sn particles within the x2^3 ♦ '^^ pr.osphor 
particles . 
Example 2 

10 [0101] To lOOOg of zinc sulfide (ZnS) powder as the core 

material were added 0 .68 g of copper sulfate {CuS04*5H20) as an 
activator raw material, 10 g of ZnO powder ( indicated by 6-(3 ) 
in Table 2 ) as an electron-emitting material and an appropriate 
amount of deionized water, and they were mixed sufficiently and 

15 dried. Then, an appropriate amount of sulfur and activated carbon 
was added to the mixture if necessary, and the mixture was charged 
in a quartz crucible and heated for baking in a reducing gas 
atmosphere, an inert gas atmosphere or a sulfurizing atmosphere. 
The baking was performed under conditions of SbO^'C and 90 minutes . 

20 After the baking, the baked product was washed with deionized 
water and dried. Thus, a ZnS:Cu phosphor containing the ZnO 
particles was produced . 

[0102] The obtained phosphor was mixed with castor oil, and 
the mixture was sandwiched between two transparent glass 
25 electrode plates to produce an element. A prescribed AC voltage 
having a prescribed frequency was applied to the obtained element, 
and light emission was observed. 

[0103] As Comparative Example 2 , a ZnS sCu phosphor was produced 



without adding the ZnO powder ^ and the obtained phosphor was 
similarly evaluated for luminescence property. As a result, it 
was found that when the phosphor not containing the ZnO particles 
of Comparative Example 2 was assumed having an initial luminance 
5 of 100 f the phosphor containing the ZnO particles of Example 2 
had an initial luminance of 142 , and the emission luminance was 
increased cons ider ably . 
Example 3 

[0104] To 155 g of zinc oxide (ZnO) and 60 g of silicon oxide 
10 (Si02 ) as the core materials and llg of manganese carbonate (MnCOa) 
as an activator raw material was added 1.1 g of Cu*Sn powder 
( indicated by 6- (6) in Table 2 ) as an electron-emitting material, 
and they were mixed sufficiently. The mixture was charged in a 
high purity alumina crucible and heated for baking in a reducing 
15 gas atmosphere or an inert gas atmosphere at 1200''C for six hours 
to obtain a Zn2Si04:Mn phosphor containing Cu*Sn particles . 
[0105] The obtained phosphor was mixed with castor oil, and 
the mixture was sandwiched between two transparent glass 
electrode plates to produce an element . A prescribed AC voltage 
20 having a prescribed frequency was applied to the obtained element , 
and light emission was observed. The threshold value at that time 
was 1.1 kV/cm at 2 0 kHz. 

[0106] As Comparative Example 3 , a Zn2Si04:Mn phosphor produced 
without adding Cu*Sn powder was used to produce an element . A 
25 prescribed AC voltage having a prescribed frequency was applied 
to the obtained element, and light emission was observed. The 
threshold value at that time was 1 .4 kV/cm at 20 kHz . 
[0107] Thus, it was found in Example 3 that the threshold value 



of the electric field lowered substantially and light emission 

was improved by the addition of the Cu«Sn powder* The lowering 
of the threshold value of the electric field means that the voltage 
applied by the electroluminescent element is lowered • Thus , the 
5 lowering of 'cne cippiied voltage provides effects that the pressure 
resistance of circuit parts can be lowered and the costs of the 
display device and the like can be reduced as a result . 
[0108] It was also found that when the initial luminance of 
the Zn2Si04 :Mn phosphor of Comparative Example 3 was assumed to 
10 be 100, the initial luminance of the phosphor containing the Cu*Sn 
particles of Example 3 was 127 , indicating that the emission 
luminance was increased. 
Example 4 

[0109] A Zn2Si04:Mn phosphor containing Cu*Al powder was 
15 produced in the same manner as in Example 3 except that Cu«Al powder 
indicated by 5- ( 1 ) in Table 2 was used as an e^ac^^r ori -emitting 
material- The produced phosphor was used to produce an 
electroluminescent element (panel ) . A prescribed AC voltage 
having a prescribed frequency was applied to the obtained element,. 
20 and light emission was observed • The initial luminance at that 
time became 132 and was improved substantially when it was assumed 
that the Zn2Si04sMn phosphor (the phosphor obtained in Comparative 

Example 3 ) produced without adding the Cu*Al powder had an initial 
luminance of 100 . 
25 Example 5 

[0110] A Zn2Si04:Mn phosphor containing Cu particles was 
produced in the same manner as in Example 3 except that the Cu 

powder indicated by 4 - ( 2 ) in Table 2 was used as an 



electron-remitting material* The produced phosphor was used to 
produce an electroluminescent element. A prescribed AC voltage 
having a prescribed frequency v/as applied to the obtained element, 
and light emission was observed. The initial luminance at that 
5 time became 138 and was improved substantially when it was assumed 
that the Zn2Si04sMn phosphor (Comparative Example 3) produced in 
the same manner without adding the Cu powder had an initial 
luminance of 100 ♦ 
Example 6 

10 (0111) A Zn2Si04:Mn phosphor containing CNT particles was 

produced in the same manner as in Example 3 except that the CNT 
powder indicated by l-( 1 ) in Table 2 was used as an 
electron-emitting material . The produced phosphor was used to 
produce an electroluminescent element • A prescribed AC voltage 

15 having a prescribed frequency was applied to tr.e c c c - i. h d element , 
and light emission was observed. The initial luminance at that 
time became 146 and was improved substantially when it was assumed 
that the Zn2Si04sMn phosphor (Comparative Example 3) produced 
without adding the CNT powder had an initial luminance of 100 • 

20 Example 7 

[0112] A Zn2Si04:Mn phosphor was produced in the same manner 

as in Example 3 except that needle^like conductive titanium oxide 
powder indicated by 2-(l) in Table 2 was used as an 
electron-emitting material. The produced phosphor was used to 
25 produce an electroluminescent element . A prescribed AC voltage 
having a prescribed frequency was applied to the obtained element, 
and light emission was observed. The initial luminance at that 
time became 124 when it was assumed that the Zn2Si04:Mn phosphor 



(Comparative Example 3) produced without adding the needle-^like 
conductive titanium oxide powder had an initial luminance of 100 • 
[0113] Thus^ it was found that the initial luminance was 
improved even when a compound having a rather high resistance 
5 value such as the needle-like conductive titanium oxide powder 
was used as the electron-emitting material . 
Example 8 

[0114] A Zn2Si04iMn phosphor containing Cu*Sb particles was 
produced in the same manner as in Example 3 . To the produced 

10 phosphor were added zinc oxide (ZnO) and silicon oxide (SiOa) as 
the phosphor materials and manganese carbonate ( MnCOs ) , and they 
were mixed sufficiently. The mixture was heated for baking under 
the same conditions as those in Example 3 to produce the Zn2Si04 :Mn 
phosphor containing the Cu^Sn particles having a phosphor-coated 

15 layer. 

[0115] The produced phosphor was used to produce an 
electroluminescent element. A prescribed AC voltage having a 
prescribed frequency was s_::-_^lied to the obtained element, and 
light emission was observed. The initial luminance at that time 
20 became 131 and was further improved substantially when it was 
assumed that the electroluminescent element produced in Example 
3 had an initial luminance of 100 . 
Example 9 

[0116] To 15 . 5 g of zinc oxide (ZnO), 6.0 g of silicon oxide 

25 (Si02) and 1.1 g of manganese carbonate ( MnCOs ) was added 1.1 g 
of Cu*Sn powder (particle diameter of 10 \km) indicated by 6~(6) 
in Table 2 as an electron-emitting material, and they were mixed 
sufficiently. The mixture was heated for baking under the same 



conditions as those in Example 3 to produce a Zn2Si04;Mn phosphor 
containing Cu*Sn particles . 

f0117] The produced phosphor was used to produce an 
electroluminescent eleiaent. A prescribed AC voltage having a 

5 prescribed frequency was applied to the obtained element^ and 
light emission was observed. The initial luminance at that time 
became 124 and was improved when it was assumed that the Zn2Si04:Mn 
phosphor (Comparative Example 3 ) produced without aadiiig the 
Cu*Sn powder had an initial luminance of 100 . 

10 Example 10 

[0118] After 155 g of zinc oxide (ZnO) , 60 g of silicon oxide 
(Si02) and 11 g of manganese carbonate (MnCOs) were mixed 
sufficiently, the mixture was charged in a high purity alumina 
crucible and heated for baking in a reducing gas atmosphere or 
15 an inert gas atmosphere at 12 00''C for six hours to obtain a 
Zn2Si04:Mn phosphor- 

[0119] To the obtained phosphor was added 1*1 g of Cu^Sn powder 

indicated by 6-(6) in Table 2 as an electron-emitting material, 
they were mixed sufficiently and heated again for baking under 

20 the above-described baking conditions to produce a Zn2Si04:Mn 
phosphor containing Cu»Sn powder. The obtained phosphor was used 
to produce an electroluminescent element . A prescribed AC 
voltage having a prescribed frequency was applied to the obtained 
element , and light emission was observed. The initial luminance 

25 at that time became 134 and was improved substantially when it 
was assumed that the Zn2Si04:Mn phosphor (Compara'txve Example 3) 
produced without adding the Cu*Sn powder had an initial luminance 
of 100. 



Example 11 

[0120] A Zn2Si04:Mn phosphor containing Cu«Sn particles was 
produced in the same manner as in Example 3 . The produced phosphor 
was added to 25 weight% of hydrochloric acid, washed while 
5 stirring at 80°C for 30 minutes , and washed with ion exchange water 
six times . 

[0121] The washed phosphor was used to produce an 
electroluminescent element, a prescribed AC voltage having a 
prescribed frequency was applied to the obtained element, and 

10 light emission was observed. The initial luminance at that time 
became 138 when it was assumed that the electroluminescent element 
produced using the Zn2Si04:Mn phosphor containing Cu»Sn particles 
of Example 3 had an initial luminance of 100, and the initial 
luminance was further improved by washing. 

15 Example 12 

[0122] After 155 g of zinc oxide (ZnO), 60 g of silicon oxide 
(Si02) and llg of manganese carbonate (MnCOa) were mixed 
sufficiently, the mixture was charged in a high purity alumina 
crucible, and heated for baking in a reducing gas atmosphere or 

20 an inert gas atmosphere at 1200°C for six hours to obtain a 

Zn2Si04:Mn phosphor. To the obtained phosphor was added 1.1 g of 
Cu'Sn powder indicated by 6-(6) in Table 2 as an electron-emitting 
material, they were mixed sufficiently, and the mixture was 
subjected to a pressing treatment at 100 MPa. 

25 [0123] The phosphor undergone the pressing treatment was used 
to produce an electroluminescent element, and a prescribed AC 
voltage having a prescribed frequency was applied to the obtained 
element , and light emission was observed. The initial luminance 
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at that time became 12 7 and was improved when it was assumed that 
the Zn2Si04sMn phosphor (Comparative Example 3 ) produced without 
adding the Cu*Sn powder had an initial luminance of 100 . 
[0124] It was found in Example 12 that the electrons emitted 
5 from the Cu*Sn particles were effectively used for the light 
emission of the phosphor, and the luminous efficiency was improved 
by eliminating the gaps between the phosphor particles by the 
pressing treatment and containing the Cu*Sn particles as the 
electron^-emitting material between the phosphor particles to 
10 increase the adhesiveness with the phosphor particles . 
Example 13 

[0125] After a Zn2Si04sMn phosphor was produced in the same 
manner as in Example 12, 1 • 1 g of Cu*Sn powder indicated by 6-(6) 
in Table 2 was added as an electron-remitting material to the 
15 obtained phosphor , and they were mixed sufficiently . The mixture 
was then subjected to a pressing treatment at 100 MP a and also 
heated at lOOO'^C for two hours . 

[0126] Then, the phosphor undergone the pressing and heating 
treatments was used to produce an electroluminescent element , and 

20 a prescribed AC voltage having a prescribed frequency was applied 
to the obtained element, and light emission was observed. The 
initial luminance at that time became 133 and was improved 
substantially when it was assumed that the Zn2Si04:Mn phosphor 
(Comparative Example 3 ) produced without adding the Cu^Sn powder 

25 had an initial luminance of 100 . 

[0127] It was found in Example 13 that heating performed in 
addition to the pressing treatment could eliminate the gaps 
between the phosphor particles more than when only the pressing 



treatment was performed, and could increase adhesiveness with the 
phosphor particles by including the electron-emitting material 

between the phosphor particles, thereby capable of providing an 

electroluminescent phosphor with luminous efficiency improved • 
Example 14 

[0128] The electron-emitting material particles having a 
particle diameter (average particle diameter) and shape shown in 
Table 4 were added to and mixed with a copper and 
aluminum-activated zinc sulfide phosphor (ZnSiCu, Al; average 

particle diameter of 5 |jim) at the ratio indicated in the same table, 
and the mixture was sandwiched between two electrode layers to 
form a light emitting layer (thickness of 20 (xm) . Thus, the 
electroluminescent element shown in Fig- 11 was formed . Then, 
an AC electric field having a frequency of 1 kHz was applied between 
the electrode layers, and the light emissiorx c:: 'cr.a light emitting 
layer was visually checked while increasing the applied voltage. 
The results are shown in Table 4 . 
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[0130] It was confirmed from the table as follows » A 
conductive oxide such as I TO or ATO or a complex conductive oxide 
such as titanium oxide (TiOs) coated with such a conductive oxide 
was used as an electron-emitting material . Fine particles 
5 formed of such materials mixed at a prescribed ratio with respect 
to the phosphor. It was found that the emission start voltage 
was low, and good light emission was provided. It was also found 
that the emission start voltage became lower when the 
electron-emitting material particles had a needle-like shape, 

10 but sufficient light emission was provided even if the particles 
were spherical . Besides , where fine metal particles of Au or 
Pd were solely mixed with the phosphor, only weak light emission 
was checked under prescribed experiment conditions (applied 
voltage) , and when the voltage was high, a discharge occurred, 

15 and stable light emission was not provided* The light emitting 
layer (phosphor layer) mixed with a metal having good 
conductivity has a considerably low electric resistivity and 
its pressure resistance capacity is deteriorated. Therefore, 
a discharge tends to occur * As a result ^ the phosphor can be 

20 made to emit light at high luminance stably. 
Example 15 

[0131] A transparent electrode layer of ITO was formed on one 
surface of a glasss ubstrate, and an insulating film (thickness 
of 10 M,m) of cyanoethylcellulose was formed thereon by a dipping 
25 method . Thus, two transparent glass electrode plate were 
pre^: _ : ; iOO g of copper and aluminum-activated zinc 

sulfide (ZnS:Cu, Al) phosphor having an average particle 
diameter of 5 fxm was added 10 g of ethanol dispersion liquid 



(solid content of 10 weight% ) containing fine I TO particles 
having an average particle diameter of 2 0 nm, they were mixed, 
and the mixture was heated to lOO^'C to volatilize the solvent 
and to dry. Thus, a luminescent material was prepared. 
5 [0132] The obtained luminescent material was coated onto the 
insulating layer of the above-described transparent glass 
electrode plate by a spray drying method to form a light emitting 
layer having a thickness of 28 \m., another transparent glass 
electrode plate was placed on it, the prepared layers were 

10 sandwiched between two transparent glass electrode plates to 
produce a device ( electroluminescence panel ) • 
[0133] An AC voltage of a frequency of 1 kHz was applied to 
the obtained device • The emission of green light was observed. 
The voltage (the emission start voltage) that made the light 

15 emission recognizable was 4 0V, and luminance was measured by 
a luminance meter (BM5 of Topcon Corporation) . And, the 
emission of green light of 200 cd*m^ was observed at 200V. 
Example 1 6 

[0134] To 100 g of a copper and aluminum-activated zinc 
20 sulfide (ZnSsCu, Al) phosphor having an average particle 

diameter of 0.1 jxm was added 20 g of a dispersion liquid (solid 
content of 10 weight%) containing fine ITO particles having an 
average particle diameter of 20 nm, they were mixed, and the 
mixture was heated to lOO^C to volatilize the solvent and to dry • 
25 Thus^ a. luminescent material was prepared. 

[0135] The obtained luminescent material was sandwiched 
between two transparent glass electrode plates in the same manner 
as in Example 15 to form a light emitting layer having a thickness 
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of 1 |xm« Thus^ a device (electroluminescence panel) was 
produced « 

[0136] An AC voltage of a frequency of 1 kHz was applied to 

the obtained devxce, and the emission of green light was observed- 
5 The voltage (the emission start voltage) that made the light 
emission recognizable was 4 0V, and the emission of green light 

of 400 cd*m^ was observed at 200V. 
Example 17 

[0137] A luminescent material was prepared in the same manner 
10 as in Example 15 except that a silver and aluminum-activated 
zinc sulfide (ZnS:Ag, Al ) phosphor having an average particle 
diameter of 5 \im was used instead of the copper and 
aluminum-activated zinc sulfide (ZnS:Cu, Al) phosphor having 
an average particle diameter of 5 tim. The prepared material was 
15 used to produce a device (electroluminescence panel)* 

[0138] An AC voltage of a frequency of 1 kHz was applied to 
the obtained device, and the emission of blue light was observed. 
The voltage (the em.ission start voltage) that made the light 
emission recognizable was 40V, and the emission of blue light 

20 of 50 cd*m^ was observed at 200V. 
Example 18 

[0139] A luminescent material was prepared in the same manner 
as in Example 15 except that a Y2O2SSEU phosphor having an average 
particle diameter of 5 fxm was used instead of the ZnS:Cu, Al 
25 phosphor having an average particle diameter of 3 |i,m. The 
prepared material was used to produce a device 
( electroluminescence panel ) . 

[0140] An AC voltage of a frequency of 1 kHz was applied to 
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the obtained device, and the emission of red light was observed. 
The voltage (the emission start voltage) that made the light 
emission recognizable was 60V, and the emission of red light 
of 100 cd*m^ was observed at 200V. 
5 Example 19 

[0141] A luminescent material was prepared in the same manner 

as in Example 15 except that fine titanium oxide (TiOs) particles 
(ET-300W of ISHIHARA SANGYO KAISHA, LTD. ) of which surfaces were 
coated with ATO were used instead of the dispersion liquid ( solid 
10 content of 10 weight% ) containing fine I TO particles . The 
prepared material was used to produce a device 
( electroluminescence panel } . 

[0142] An AC voltage of a frequency of 1 kHz was applied to 
the obtained device, and the emission of green light was observed. 

15 The voltage (the emission start voltage) that made the light 
emission recognizable was 60V, and the emission of green light 

of 150 cd*m^ was observed at 200V. 

Example 20 

[0143] A one weight % polyisocyanate solution was coated onto 
20 a glass substrate having a conductive film (transparent 

electrode layer) of I TO formed on its one surface and dried to 

form an insulating film { thickness of 10 urn). Two such 
transparent glass electrode plates were prepared. Then, an 
ethanol dispersion liquid containing fine I TO particles 
25 (average particle diameter of 0.01 iim) was used to form an 
electron-emitting material layer of I TO by a precipitation 
method on one insulating film of the transparent glass electrode 
plate. The concentration of the ethanol dispersion liquid was 
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adjusted to control the thisckness of the ITO layer to 10 iim. 
[0144] Then, a phosphor layer having a thickness of 10 ^im was 
formed on the ITO layer by a precipitation method using an ethanol 
dispersion liquid of a copper and aluminum-activated zinc 
sulfide phosphor (ZnS^Cu, Al) (average particle diameter of 5 
(jtm, for CRT) • Besides ^ another transparent glass electrode 
plate was placed on it such that the insulating film came into 
contact with it, to complete an element. 

[0145] An AC electric field having a frequency of 1 kHz was 
applied between both transparent electrodes of the obtained 
element, and the light emission was visually checked while 
increasing the applied voltage gradually. The results are shown 
in Table 5 (Sample No. 1 in Example 20) . The emission of light 
was observed at an applied voltage of lOV, and good brightness 
was observed at 50V. 
Example 2 1 

[0146] Electron-emitting material ITOs having average 
particle diameters of 1 ^m, 10 \im and 60 im each were used to 
produce elements in the same manner as in Example 20. An AC 
voltage of a frequency of 1 kHz was applied to the obtained 
elements in the same manner as in Example 20^ and the light 
emission was visually checked. The results are shown in Table 
5 (Sample Nos. 2 to 4 in Example 21 ) . It was confirmed that a 
threshold voltage (the emission start voltage) was higher than 
in Example 20 excepting the sample No. 4 of which ITO had an 
average particle diameter of 60 im, but the light emission could 
be observed. 
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Example 22 

[0148] An element was produced in the same manner as in Example 
2 0 except that fine ATO particles having an average particle 
diameter of 0.05 jiim were used as an electron-emitting material 
5 instead of the fine ITO particles having an average particle 
diameter of 0.01 ixm. 

[0149] An AC voltage of a frequency of 1 kHz was applied to 
the obtained element in the same manner as in Example 20 , and the 
light emission was visually checked. As a result, good light 

10 emission was observed as indicated as sample No . 5 in Table 5 . 
Example 23 and Comparative Examples 4 and 5 
[0150] As electron-emitting materials , elements were 
produced in the same manner as in Example 20 except that conductive 
ZnO particles having an average particle diameter of 0.01 (xm 

15 ( sample No . 6 ) , 1 jxm { sample No. 7 ) and 10 \xm ( sample No. 8 ) that 
Al was doped were used instead of the fine ITO particles. As 
Comparative Examples 4 and 5 , elements were produced in the same 
manner using ZnO particles having average particle diameters of 

0.01 iim ( sample No. 9 ) and 0 . 5 [nm ( sample No. 10 ) and not providing 
20 conductivity . 

[0151] An AC voltage of a frequency of 1 kHz was applied to 

the obtained element in the same manner as in Example 20 , and the 
light emission was visually checked. As a result, according to 
the Example 23, the light emission having the same tendency as 
25 that in the case, that the ITOs corresponding to the individual 
particle diameters were used, could be confirmed as shown in Table 
5. In comparison with the case that the ITOs were used, the 
element could be produced at a cost lowered to 1/3 . Where the 



elements of Comparative Examples 4 and 5 were used^ no light 
emission could be observed* 
Example 24 

[01521 A light emitting layer was formed in the same manner 
5 as in Example 2 0 except that a barium titanate film was formed 
as an insulating film by a sol-gel method • An inorganic type 
adhesive was coated onto the peripheral edges of two transparent 
glass electrode plates, and sealing was performed in vacuum of 
10-4 Torr/cc to produce a vacuum cell . 
10 [0153] An AC electric field having a frequency of 1 kHz was 
applied between electrode terminals which were taken out of the 
produced cell, the emission start voltage and emitting state were 
checked while increasing the applied voltage gradually, and about 
two times of emission luminance was observed in comparison with 
15 the case that the cell interior was not v a. z- : zr.^^zea ZLe emission 
lifetime could also be extended to five times or more* 
Example 25 

[0154] As a phosphor layer, a vapor-»deposited film of a 
manganese-activated zinc sulfide phosphor ( ZnS :Mn) was formed. 

20 Specifically, an electron-emitting material layer of I TO was 
formed in the same manner as in Example 20, and a ZnS:Mn phosphor 
layer having a thickness of 2 was formed thereon by an EB 
evaporation method . Other processes were performed in the same 
manner as in Example 2 0 to produce an element • 

25 [0155] An AC voltage of a frequency of 1 kHz was applied to 
the obtained element in the same manner as in Example 20 , and the 
light emission was visually checked. Emission of bright orange 
light was observed even at a low voltage of lOV. 



IMDUSTRIAL APPLICABILITY 

[0156] According to the electroluminescent phosphor of the 

invention, the particles of the electron-emitting material not 
originating from the atoms constituting the host material of the 
phosphor and the activator are contained inside the phosphor 
particles or included between the phosphor particles in close 
contact with them, and luminous efficiency can be improved in 
comparison with, for example, a conventional phosphor that CujS 
is formed spontaneously . 

[0157] And, the host material of the phosphor is not limited, 
various electron-emitting materials can be selected, and such 
electron-emitting materials can be included at a high 
concentration, so that various demands for the device, such as 
an emission color, luminance, a life, a cost and the like, can 
be satisfied, and an electroluminescent phosphor having high 
luminous efficiency, good chromatic ity and long life can be 
obtained. Besides, this phosphor can be used to form the light 
emitting layer, so that a higii-^luminance efficiency and 
high-luminance dispersion type electroluminescent element can be 
produced. 

[0158] In addition, according to the electroluminescent 
element of the invention, the phosphor is not limited to the 
ZnS-based materials, and the phosphor which was conventionally 
considered hard to make it emit light can be made to emit light 
easily by applying an electric field. Therefore, various demands 
for the device, such as an emission color, luminance, life, cost 
and the like, can be satisfied, and a high-luminance efficiency 
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and high-luminance electroluminescent element can be realized. 
And, the invention can also be applied to not only a dispersion 
type but also a thin-film electroluminescent element , and high 

luminance can be realized at a lower voltage* Accordingly ^ the 
5 invention can be applied to wide applications such as a display 
device, the backlight of a liquid crystal display device, lighting 
and the like. 
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